*Penicillium* is well-known fungus that served as original source of the first antibiotic Penicillin. The species belonging to *Penicillium* are generally called as green moulds due to their color of spores and mycelium. This fungus recognized generally by its dense brush-like spore-bearing structures is a taxonomically large and difficult genus encountered almost everywhere, and usually the most abundant genus of fungi in soils and one of major groups of indoor moulds ([@B3]; [@B5]). The common occurrence of *Penicillium* species in food is a particular problem because some species produce toxins and may render food inedible or even dangerous ([@B2]; [@B6]). On the other hand, some species of *Penicillium* are beneficial to humans. Cheeses are ripened with species of *Penicillium* and are quite safe to eat.

*Penicillium* also has been known as producers of useful enzymes that degrade proteins, xylan, starch, lipids etc. from agricultural wastes ([@B8]). However, in spite of its prevalence in nature, not many species of *Penicillium* have been known for their ability of producing extracellular enzymes. Recently, Krogh et al. ([@B4]) tried to screen some *Penicillium* fungi for cellulase and xylanase production. To better use of this fungus in industry such as food, textile, and bioremediation, further search for the source of enzymes needs to be proceeded. In this context this study was aimed at evaluation of vast numbers of *Penicillium* species using chromogenic medium ([@B1]) that allowed us to examine the degree of β-glucosidase, pectinase and xylanase the activity.

Totally, 106 *Penicillium* species were provided by Korean Agricultural Culture Collection (KACC, Suwon, Korea) and used for the present study. Fungal cultures were maintained on potato dextrose agar (Difco, USA). For the test of extracellular enzyme activities, the cultures were grown on PDA and transferred to chromogenic media containing each carbon source as enzymatic substrates ([@B9]). Chromogenic media contained 0.1% yeast nitrogen base (Difco, USA), and 0.5% D-cellobiose (Sigma, USA), polygalacturonic acid (MP Biomedical, France), xylan from oat spelts (Sigma, USA) as enzymatic carbon source, 0.5% Congo Red dye (Sigma, USA) for chromogenic reaction (Teather and Wood, 1982), and 1.5% agar powder ([@B10]). After 5 days of culturing at 25℃, evaluation of enzyme activity was conducted by measuring clear zone (plaque) peripherally formed around the fungal colony resulting from reaction between chromogenic substrates and the enzyme produced by the fungus. The degree of enzyme activity was expressed as strong (S), moderate (M), and weak or no activity (N) by measuring the size of clear zone. When the clear zone size was over 0.5 cm, the activity was treated as strong. Moderate activity was recorded when clear zone size was 0.1\~0.4 cm. When clear zone size was less than 0.1 cm, the activity was treated as no activity. There was little difference between the sizes of clear zone measured by a ruler and shown on photo due to the resolution of photo image. The values measured by a ruler were used for comparative determination of clear zone size. All the measurement values were obtained from 5 replicate plates of each species.

[Table 1](#T1){ref-type="table"} shows the results of the detection of three extracellular enzymes in 106 species of *Penicillium*. D-cellobiose was degraded more easily than other substrates because all the species in [Table 1](#T1){ref-type="table"} showed activity. One hundred and three of 106 species showed strong β-glucosidase activity. Thus, the activity of β-glucosidase is generally strong in most of the *Penicillium* species tested ([Table 1](#T1){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"}). Examples of β-glucosidase activity formed on chromogenic media are shown in [Figs. 1A-C](#F1){ref-type="fig"}. The breaking activity of pectin was observed from 24 of 106 species. Among these 24 pectinase positive species, 18 species showed strong activity. Especially, *P. coprophilum*, *P. sartoryi*, *P. sizovae*, *P. pinophilum* and *P. paracanescens* showed stronger pectinase activity than others. This indicates not many *Penicillium* species can degrade pectin compounds strongly. Examples of pectinase activity on chromogenic media are given in [Figs. 1D-F](#F1){ref-type="fig"}. Compared to the number of *Penicillum* species that could degrade pectin, more number of *Penicillium* species showed the ability of xylan degradation. Twenty three species showed strong xylanse activity and fifty one species showed moderate activity. In xylanase assay, 84 *Penicillium* species showed the activity. In these xylanase positive species, 33 species showed strong activity and 51 species displayed moderate activity. Strongest xylanase activity was detected from *P. coprophilum*, *P. simplicissimum*, *P. sartoryi* and, *P. discolor*. [Figs. 1G-H](#F1){ref-type="fig"} show the examples of xylanse activity checked on chromogenic media. It seems that *Penicillium* is good sources of finding noble fungal xylanase.

Among the 106 species tested, *P. allahabadense*, *P. atrosanguineum*, *P. coprophilum*, *P. italicum*, *P. kabunicum*, *P. resticulosum*, *P. roqueforti*, *P. solitum*, *P. spinulosum*, *P. viridicatum*, *P. vulpinum*, and *P. waksmanii* showed strong activities of all the three extracellular enzymes tested ([Table 1](#T1){ref-type="table"}). Since there has been not much information in literature on the activity of β-glucosidase, pectinase, and xylanse in these 12 species, the results of [Table 1](#T1){ref-type="table"} are quite useful for the understanding of their biochemical properties and nutrient physiology.

In conclusion, our work generated basic information on the vast numbers of *Penicillium* species. The genus contained many species that can be used for production of extracellular β-glucosidase, pectinase, and xylanse. Since all the species tested in this study is available from KACC, our results will be useful to the researchers who are searching for the tested enzyme sources. The genome sequence project on the human pathogen *Penicillium marneffei* ([@B2]) has been performed and it is currently in assembly stage. Thus, its genome information will be available soon at genome project database in GenBank database (<http://www.ncbi.nlm.nih.gov/>). The genomic information of *P. marneffei* surely provides useful background information and opportunity for the search of genes encoding extracellular enzymes from *Penicillium* spp. used in this study.
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S = strong enzyme activity, M = moderate enzyme activity, and N = weak or no enzyme activity.
